Methods

Patient Population
This study included 12 patients, 9 men and 3 women between 21 and 90 years of age (mean age 73 years), who underwent bur-hole surgery with continuous drainage for CSDH or subdural hygroma in 2006. Patients in whom fine orbital MR images were not obtained because of motion artifacts, or with inaccurate measurement of subdural pressure because of glutinous fluid or leakage of fluid through the puncture site before measurement, were excluded. The MR imaging was performed in 12 patients within 24 hours before surgery and follow-up studies were obtained in 8 patients between 1 week and 4 months after surgery.
Evaluation With MR Imaging
Fat-saturated T2-weighted fast spin echo MR images of the orbit were obtained using a 1.5-T MR unit (GE Medical Systems) with TR 3500 msec, TE 100 msec, flip angle 90°, slice thickness 3.5 mm, slice gap 0.3 mm, matrix 320 × 224, field of view 16 × 16 cm, echo train length 12, and bandwidth 31.2 kHz. The ONS diameter was measured just behind the optic globe.
Subdural Pressure Measurement
Patients were positioned to locate the bur hole position at the highest point with 15° of head elevation. To prevent subdural fluid leakage through the puncture site, the dura mater was punctured using a 23-gauge needle and then the subdural pressure was measured. In patients with bilateral lesions, the thicker side was treated first, and the subdural pressure was measured in this side. After measurement of the subdural pressure, the dura mater was opened and the drainage tube was placed in the subdural space.
Statistical Analysis
The Spearman rank correlation was calculated to assess the correlation between ONS diameter and subdural pressure. The Student t-test was performed to compare the ONS diameter before and after surgery, and differences in the two-tailed t-test at probability values of less than 0.05 were considered to be significant. Measurements are expressed as the mean ± standard deviation. Table 1 summarizes the measurements of ONS diameter and subdural pressure. The mean ONS diameter in the 12 patients before surgery (6.1 ± 0.7 mm) was significantly decreased after surgery in 7 patients (4.8 ± 0.9 mm, p = 0.003). The ONS diameter could not be measured 1 week postsurgery because of collapse of the subarachnoid space in 1 patient. The association between the ONS diameter and the subdural pressure is shown in Fig. 1 . The approximate curve is expressed as
Results
There was a significant correlation between these variables (correlation coefficient 0.879, p = 0.0036).
Representative Case
This 75-year-old man (Case 5) was referred to our institute after a diagnosis of left CSDH. He had a history of minor head injury that had occurred 1 month before admission. Neurological examination revealed right hemiparesis without papilledema. Brain CT and MR imaging studies showed left CSDH. Orbital imaging showed the dilated ONS. The ONS diameter just behind the optic globe was 6 mm on the right and 6.1 mm on the left ( Fig.  2A) . He underwent bur hole craniostomy for CSDH. Subdural pressure before opening the dura mater was 21 cm (Fig. 2B ).
Discussion
In this study we found a significant correlation between the ONS diameter and the ICP, confirming the observations of dilated ONS in patients with increased ICP. 4, 7, 12 The normal ONS diameters just behind and 4 mm posterior to the globe are 5.52 ± 1.11 mm and 5.2 ± 0.9 mm, respectively; 10, 16 are consistent through all eyeball positions; and are relatively stable in individuals. 10, 15 In our study, the ONS diameter was measured as 5.4-8 mm (mean 6.1 ± 0.7 mm) and subdural pressure as 9-30 cm H 2 O (mean 19 ± 8.2 cm H 2 O) before surgery. The diameter of the ONS decreased to 3-5.7 mm (mean 4.8 ± 0.9 mm) after full recovery from symptoms. We propose a normal limit of diameter just behind the eyeball of 5.8 mm, because the upper normal limit of ICP has been considered to be ~ 20 cm H 2 O, and this numerical value was applied to the aforementioned approximate curve. Therefore, an ONS diameter of > 6 mm indicates an abnormally high ICP of > 20 cm H 2 O.
Follow-up MR imaging performed 1 week after surgery in 3 patients clearly showed that the ONS diameters were reduced. Such a rapid change in the ONS diameter indicates an immediate reflection of changes in ICP. The ONS is reported to have sufficient elasticity to allow detectable dilation in response to a change in the ICP, which was confirmed by measuring the ONS diameter with serial B-mode ultrasonography scans during the intrathecal infusion test. 
pressure.
13 Subdural pressure measured by subdural screw monitor insertions is correlated with ventricular flu id pressure in patients with head injuries. 3 However, no correlation is known between ventricular and subdural pressure in patients with CSDH. The subdural and ventricular pressures may differ because CSDH is encapsulated by a membrane. The compliance of the membrane may cause a pressure gradient. Therefore, one of the limitations of this study is the measurement of the subdural pressure rather than the ventricular pressure.
The subarachnoid space of the ON is anatomically classified into the bulbar segment, intraorbital segment, and canalicular portion. These divisions are not uniform, and the subarachnoid space is distinct at the bulbar segment in healthy individuals. 9 The ONS diameter varies at different points of measurement, 10, 16 so the measuring point should be consistent. In addition, variable depiction of the ON, CSF, and ONS depending on the MR sequence has been reported, 16 so MR imaging with consistent param eters is also important.
Conclusions
Measurement of the ONS diameter on coronal orbital thin-slice fat-saturated T2-weighted MR images has the potential to indicate abnormally high ICP in patients with subdural hygroma, which is sometimes difficult to distinguish from brain atrophy. Further study is needed to clarify the differences depending on an individual's, age, sex, and race, and to establish this method as an accurate indicator of ICP.
